Optical wireless links offer gigabit per second data rates and low system complexity. For ground space and or terrestrial communication systems, these links suffer from atmospheric loss mainly due to fog, scintillation and precipitation. Optical Wireless link provides high bandwidth solution to the last mile access bottleneck. However, an appreciable availability of the link is always a concern. Wireless Optics (WOs) links are highly weather dependent and fog is the major attenuating factor reducing the link availability. Optical wireless links offer gigabit per second data rates and low system complexity. For ground space and or terrestrial communication scenarios, these links suffer from atmospheric loss mainly due to fog, scintillation and precipitation signals and then to upgrade the transmission bit rate distance product for ultra long transmission links. This paper has presented the bad weather effects such as rain, fog, snow, and scattering losses on the transmission performance of wireless optical communication systems. It is taken into account the study of bit error rate, maximum signal to noise ratio, maximum transmission optical path lengths and maximum transmission bit rates under these bad operating conditions.
I. Introduction
The optical wireless communication (OWC) system has attracted significant interest because it can solve the last mile problem in urban environments. The last mile problem is when Internet providers cannot connect the fiber optic cables to every household user because of the high installation costs. The only disadvantage of the OWC system is that its performance depends strongly on weather conditions. Fog and clouds scatter and absorb the optical signal, which causes transmission errors. Most previous studies consider only single-scattering effects and assume that the received signal has no intersymbol interference (ISI), which is true only for light-fog conditions [1] . Maintaining a clear line of sight (LOS) between transmit and receive terminals is the biggest challenge to establish optical wireless links in the free space especially in the troposphere [2] . The LOS is diminished due to many atmospheric influences like fog, rain, snow, dust, sleet, clouds and temporary physical obstructions like e.g., birds and aeroplanes [3] . Moreover, the electromagnetic interaction of the transmitted optical signal with different atmospheric effects results in complex processes like scattering, absorption and extinction that are a function of particle physical parameters. Hence the local atmospheric weather conditions mainly determine the availability and reliability of such optical wireless links since there is always a threat of downtime of optical wireless link caused by adverse weather conditions [4] . Optical wireless links are also influenced by atmospheric temperature that varies both in spatial and temporal domains. The variation of temperature in the optical wireless channel is a function of atmospheric pressure and the atmospheric wind speed. This effect is commonly known as optical turbulence or scintillation effect and causes received signal irradiance or power fades in conjunction with the variation of temperature along the propagation path. As a result of this scintillation phenomenon, the optical wireless channel distance and the capacity are reduced. Thereby restricting the regions and times where optical wireless links can be used potentially. In order to take full advantage of the tremendous usefulness of optical wireless technology require a proper characterization of different atmospheric effects influences and a meaningful interpretation of the filed measurements in such adverse conditions [5] .
II. Block Diagram of Optical Wireless Communication System
There are three key function elements of optical wireless communication system as shown in Fig. 1 . The transmitter, the atmospheric channel and the receiver. The transmitter converts the electrical signal into light signal. The light propagates through the atmosphere to the receiver, which converts the light back into an electrical signal. The transmitter includes a modulator, a laser driver, a light emitting diode (LED) or a laser, and a telescope [8] . The modulator converts bits of information into signals in accordance with the chosen modulation method. The driver provides the power for the laser and stabilizes its performance, it also neutralizes such effects as temperature and aging of the laser or LED. The light sources convert the electrical signal into optic radiation. The telescope aligns the laser LED radiation to a collimated beam and directs it to the receiver. In the atmospheric channel, the signal is attenuated and blurred as a result of absorption, scattering and turbulence. This channel maybe the traversed distance between a ground station and a satellite or a path of a few kilometers through the atmosphere between two terrestrial transceivers [9] .
The receiver includes a telescope, filter, photo detector, an amplifier, a decision device, and a clock recovery unit. The telescope collects the incoming radiation and focus it onto filter. The filter removes background radiation and allows only the wavelength of the signal to pass through the electronic signal. The decision unit determines the nature of the bits of information based on the time of arrival and the amplitude of the pulse. The clock recovery unit and synchronizes the data sampling to the decision making process.
III. System Model Analysis
In a terrestrial FSO, the communication transceivers are typically located in the troposphere.
Troposphere is home to all kinds of weather phenomena and plays a very detrimental role for FSO communications in lower visibility range conditions mainly due to rain, snow, fog and clouds. The estimated of fog, snow and rain attenuation effects using empirical models as mentioned in Ref. [10] 
Where V is visibility range in km, λ is transmission wavelength in µm. α fog (λ) is the total extinction coefficient and q is the size distribution coefficient of scattering related to size distribution of the droplets. In case of clear or foggy weather with no rain or snow, Ref. [11, 12] approximations of the q parameter to compute the fog attenuation, that are very accurate for the narrow wavelength range between 1.3-1.65 µm. 
Transmitted optical pulses in free space are mainly influenced by two main mechanisms of signal power loss, absorption and scattering. Absorption is mainly due to water vapours and carbon dioxide, and depends on the water vapour content that is dependent on the altitude and humidity. By appropriate selection of optical wavelengths for transmission the losses due to absorption can be minimized. It was found that scattering (especially Mie scattering) is the main mechanism of optical power loss as the optical beam looses intensity and distance due to scattering. The beam loss due to scattering can be calculated from the following empirical, visibility range dependent formula [13] :
Where V is visibility range in km, λ is transmission wavelength in µm. Then the total attenuation of wireless medium communication system can be estimated as:
When the optical signal passes through the atmosphere, it is randomly attenuated by fog and rain. Although fog is the main attenuation factor for optical wireless links, the rain attenuation effect cannot be ignored, in particular in environments where rain is more frequent than fog. As the size of water droplets of rain increases, they become large enough to cause reflection and refraction processes. These droplets cause wavelength independent scattering [13] . It was found that the resulting attenuation increases linearly with rainfall rate; furthermore the mean of the raindrops size is in the order of a few millimeters and it increases with the rainfall rate [14] . Let R be the rain rate in mm/h, the specific attenuation of wireless optical link is given by [15] :
If S is the snow rate in mm/h then specific attenuation in dB/km is given by [16, 17] as:
If λ is the wavelength, the parameters a and b for dry snow are given as the following:
The parameters a and b for wet snow are as follows [18, 19] :
In order to estimate the coverage at millimeter wavelengths under direct Line of Sight (LOS) conditions, the free space propagation model is used. The SNR requirements for modulation scheme at a fixed data rate of one Gbit/sec is obtained from the following formula [20] :
Where P T is the transmitter power, G T is the transmitter antenna gain, G R is the receiver antenna gain, λ c is the carrier wavelength, k B is the Boltzmann's constant ( Where θ div is the transmitter divergence of the beam in radians can be expressed as follows:
The basic formula for a typical optical link is an exponential decaying function as function of the path length L as the following expression [22, 23] :
Where P R is the received power after traveling the path length L through the lossy medium, P T is the initial transmitted power, and α is the total attenuation coefficient of the medium. The bit error rate (BER) essentially specifies the average probability of incorrect bit identification. In general. The higher the received SNR, the lower the BER probability will be. For most PIN receivers, the noise is generally thermally limited, which independent of signal current. The bit error rate (BER) is related to the signal to noise ratio (SNR) as follows [24, 25] :
The maximum transmission bit rates BR max. which is a losses limited one, and is given by [26] :
Where B u is the maximum available transmission bit rate without any limitations, and α m is the system marginal loss.
IV. Simulations Results and Performance Evaluation
The model have been deeply investigated to present the bad weather effects on the transmission performance and system operation characteristics of wireless optical communication systems for different visibility ranges over wider range of the affecting parameters. -7) have assured that maximum propagation distance decreases with increasing visibility ranges for both optical transmission windows under both bad weather effects of dry and wet snow. It is observed that second optical transmission window has presented higher maximum propagation distance compared to third optical transmission window. As well as low visibility range has presented the highest propagation distance compared to both medium and high visibility. 
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Bit error rate, BERx10 -12 Bit error rate, BERx10 ii) As shown in Figs. (8) (9) (10) (11) (12) (13) have proved that received signal power increases with increasing visibility ranges for both optical transmission windows under both bad weather effects of dry and wet snow. It is also observed that second optical transmission window has presented lower received signal power compared to third optical transmission window. As well as high visibility range has presented the highest received signal power compared to both medium and low visibility. iii) Figs. (14) (15) (16) (17) (18) (19) have indicated that signal to noise ratio increases with increasing visibility ranges for both optical transmission windows under both bad weather effects of dry and wet snow. It is also observed that second optical transmission window has presented lower signal to noise ratio compared to third optical transmission window. As well as high visibility range has presented the highest signal to noise ratio compared to both medium and low visibility. iv) As shown in Figs. (20) (21) (22) (23) (24) (25) have assured that bit error rate increases with increasing visibility ranges for both optical transmission windows under both bad weather effects of dry and wet snow. It is observed that second optical transmission window has presented higher bit error rate compared to third optical transmission window. As well as low visibility range has presented the highest bit error rate compared to both medium and high visibility. v) Figs. (26-31) have indicated that maximum transmission bit rate increases with increasing visibility ranges for both optical transmission windows under both bad weather effects of dry and wet snow. It is also observed that third optical transmission window has presented higher transmission bit rate compared to second optical transmission window. As well as high visibility range has presented the highest transmission bit rate compared to both medium and low visibility.
V. Conclusions
In a summary, the wireless optical communication systems have deeply investigated under the bad weather of rain, fog, scattering dry and wet snow over wide range of the affecting parameters. Maximum propagation distance, received signal power, signal to noise ratio, bit error rate, and transmission rates for different visibility ranges are the major interesting design parameters as a measurement of the system performance under different optical transmission windows. It is theoretically found that wet snow has presented bad effects on the wireless optical communication systems compared to dry snow. As well as optical wireless communication systems have presented the highest received signal power, signal to noise ratio, transmission bit rates, and the lowest propagation distance and bit error rate for different visibility ranges at third optical transmission window compared to second optical transmission window.
